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A compound comprised of a hydrophilic polymer covalently 
yet reversibly linked to a amine-containing ligand through a 
dithiobenZyl linkage is described. 
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RELEASABLE LINKAGE AND 
COMPOSITIONS CONTAINING SAME 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/982,336 ?led Oct. 12, 2001, noW pending; 
Which is a continuation of US. application Ser. No. 09/556, 
056 ?ledApr. 21, 2000, now US. Pat. No. 6,342,244; Which 
claims the bene?t of US. Provisional Application No. 
60/130,897 ?led Apr. 23, 1999, noW abandoned; all ofWhich 
are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a compound com 
prised of a hydrophilic polymer, such as polyethyleneglycol, 
cleavably linked to an amine-containing ligand, Which in 
preferred embodiments can be an amine-containing lipid, 
drug or protein. The compounds are cleavable under mild 
thiolytic conditions to regenerate the amine-containing 
ligand in its original form. 

BACKGROUND OF THE INVENTION 

[0003] Hydrophilic polymers, such as polyethylene glycol 
(PEG), have been used for modi?cation of various substrates, 
such as polypeptides, drugs and liposomes, in order to reduce 
immunogenicity of the substrate and/ or to improve its blood 
circulation lifetime. 
[0004] For example, parenterally administered proteins can 
be immunogenic and may have a short pharmacological half 
life. Proteins can also be relatively Water insoluble. Conse 
quently, it can be dif?cult to achieve therapeutically useful 
blood levels of the proteins inpatients. Conjugation of PEG to 
proteins has been described as an approach to overcoming 
these dif?culties. Davis et al. in US. Pat. No. 4,179,337 
disclose conjugating PEG to proteins such as enZymes and 
insulin to form PEG-protein conjugates having less immuno 
genicity yet Which retain a substantial proportion of physi 
ological activity. Veronese et al. (Applied Biochem. and Bio 
Zech, 11:141-152 (1985)) disclose activating polyethylene 
glycols With phenyl chloroformates to modify a ribonuclease 
and a superoxide dimutase. Katre et al. in US. Pat. Nos. 
4,766,106 and 4,917,888 disclose solubiliZing proteins by 
polymer conjugation. PEG and other polymers are conju 
gated to recombinant proteins to reduce immunogenicity and 
increase half-life. (Nitecki et al., US. Pat. No. 4,902,502; 
EnZon, Inc., PCT/US90/02133). Garman (US. Pat. No. 
4,935,465) describes proteins modi?ed With a Water soluble 
polymer joined to the protein through a reversible linking 
group. 
[0005] However, PEG-protein conjugates described to date 
suffer from several disadvantages. For example, modi?cation 
of the protein With PEG often inactivates the protein so that 
the resulting conjugate has poor biological activity. Typically 
in the prior art to date, it is desired to have the PEG stably 
linked to the protein so that the bene?cial properties provided 
by PEG remain. Another problem With some protein PEG 
conjugates is that upon decomposition of the conjugate unde 
sirable products may be formed. 
[0006] PEG has also been described for use in improving 
the blood circulation lifetime of liposomes (US. Pat. No. 
5,103,556). Here, the PEG is covalently attached to the polar 
head group of a lipid in order to mask or shield the liposomes 
from being recogniZed and removed by the reticuloendothe 
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lial system. Liposomes having releasable PEG chains have 
also been described, Where the PEG chain is released from the 
liposome upon exposure to a suitable stimulus, such as a 
change in pH (PCT/U S97/ 18813). HoWever, release of the 
PEG chain from the liposome suffers from the draWback that 
the decomposition products are chemically modi?ed and can 
have unpredictable, potentially negative effects in vivo. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an object of the invention to pro 
vide a compound Where a ligand is covalently yet reversibly 
linked to a hydrophilic polymer. Upon cleavage of the link 
age, the ligand in its native form is regenerated. 
[0008] In one aspect, the invention includes a compound 
having the general structure: 

R5 R2 

[0009] wherein R1 is a hydrophilic polymer comprising a 
linkage for attachment to the dithiobenZyl moiety; R2 is 
selected from the group consisting of H, alkyl and aryl; R3 is 
selected from the group consisting of O(C:O)R4, S(C:O) 
R4, and O(C:S)R4; R4 comprises an amine-containing 
ligand; and R5 is selected from the group consisting of H, 
alkyl and aryl; and Where orientation of CHziR3 is selected 
from the ortho position and the para position. 
[0010] In one embodiment, R5 is H and R2 is selected from 
the group consisting of CH3, C2H5 and C3H8. In another 
embodiment, R2 and R5 are alkyls. 
[0011] In another embodiment, the amine-containing 
ligand R4 is selected from the group consisting of a polypep 
tide, an amine-containing drug and an amine-containing 
lipid. In an embodiment Where the amine-containing ligand 
R is an amine-containing lipid, the lipid includes either a 
single hydrocarbon tail or a double hydrocarbon tail. In one 
preferred embodiment, the lipid is a phospholipid having a 
double hydrocarbon tail. 
[0012] The hydrophilic polymer R1 can be, in yet another 
embodiment, selected from the group consisting of polyvi 
nylpyrrolidone, polyvinylmethylether, polymethyloxaZoline, 
polyethyloxaZoline, polyhydroxypropyloxaZoline, polyhy 
droxypropyl-methacrylamide, polymethacrylamide, poly 
dimethyl-acrylamide, polyhydroxypropylmethacrylate, 
polyhydroxyethylacrylate, hydroxymethylcellulose, 
hydroxyethylcellulose, polyethyleneglycol, polyasparta 
mide, copolymers thereof, and polyethyleneoxide-polypro 
pylene oxide. 
[0013] In one preferred embodiment, the hydrophilic poly 
mer R1 is polyethyleneglycol. In another embodiment, when 
R1 is polyethylene glycol, R5 is H and R2 is CH3 or C2H5_ 
[0014] In still another embodiment, the amine-containing 
ligand R4 is a polypeptide. The polypeptide can be, in another 
embodiment, a recombinant polypeptide. Exemplary and pre 
ferred polypeptides include cytokines, such as interferons, 
interleukins, and groWth factors, and enZymes. 
[0015] In another aspect, the invention includes a compo 
sition comprising a conjugate obtainable by reaction With a 
compound having the general structural formula: 
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[0016] wherein R1 is a hydrophilic polymer comprising a 
linkage for attachment to the dithiobenZyl moiety; R2 is 
selected from the group consisting of H, alkyl and aryl; R3 is 
selected from the group consisting of O(C:O)R4, S(C:O) 
R4, and O(C:S)R4; R4 comprises a leaving group; and R5 is 
selected from the group consisting of H, alkyl and aryl; and 
Where orientation of CH2iR3 is selected from the ortho 
position and the para position. The composition also includes 
a pharmaceutically-acceptable carrier, such as saline, buffer 
or the like. 

[0017] In one embodiment of this aspect, R2 is selected 
from the group consisting of CH3, C2H5 and C3H8. 
[0018] In another embodiment, R3 is O(C:O)R4 and R4 is 
a hydroxy- or oXy-containing leaving group. The leaving 
group, in another embodiment, is derived from a compound 
selected from the group consisting of chloride, para-nitrophe 
nol, ortho-nitrophenol, N-hydroxy-tetrahydrophthalimide, 
N-hydroxysuccinimide, N-hydroxyglutarimide, N-hydrox 
ynorbornene-2,3-dicarboxyimide, l-hydroxybenZotriaZole, 
3-hydroxypyridine, 4-hydroxypyridine, 2-hydroxypyridine, 
l-hydroXy-6-tri?uoromethylbenZotriaZole, imidaZole, triaZ 
ole, N-methyl-imidaZole, penta?uorophenol, tri?uorophenol 
and trichlorophenol. 
[0019] In one embodiment, the claimed compound is 
reacted With an amine-containing ligand that displaces R4 to 
form a conjugate that includes the amine-containing ligand. 
For example, the amine-containing ligand can be a phospho 
lipid. 
[0020] In a preferred embodiment, the hydrophilic polymer 
R1 is polyethyleneglycol, R5 is H and R2 is CH3 or C2H5. 
[0021] In yet another aspect of this embodiment, the com 
position containing the conjugate comprises a liposome. The 
liposome can further comprise an entrapped therapeutic 
agent. 
[0022] In another embodiment, the amine-containing 
ligand comprises a polypeptide. 
[0023] In yet another aspect, the invention includes a lipo 
some composition comprising liposomes Which include a 
surface coating of hydrophilic polymer chains Wherein at 
least a portion of the hydrophilic polymer chains have the 
general structure: 

R1 s R3 

R5 R2 

[0024] wherein R1 is a hydrophilic polymer comprising a 
linkage for attachment to the dithiobenZyl moiety; R2 is 
selected from the group consisting of H, alkyl and aryl; R3 is 
selected from the group consisting of O(C:O)R4, S(C:O) 
R4, and O(C:S)R4; R4 comprises an amine-containing 
ligand; and R5 is selected from the group consisting of H, 
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alkyl and aryl; and Where orientation of CH2iR3 is selected 
from the ortho position and the para position. The liposomes 
have a longer blood circulation lifetime than liposomes hav 
ing hydrophilic polymer chains joined to the liposome via an 
aliphatic disul?de linkage. 
[0025] In one embodiment, the liposome further comprises 
an entrapped therapeutic agent. 
[0026] In still another aspect, the invention includes a 
method for improving the blood circulation lifetime of lipo 
somes having a surface coating of releasable hydrophilic 
polymer chains. The method includes preparing liposomes 
that have betWeen about 1% to about 20% of a compound 
having the general structure: 

[0027] Wherein R1, R2, R3, and R5 are as described above 
and R4 comprises an amine-containing lipid. 
[0028] In a preferred embodiment of this aspect, R5 is H and 
R2 is selected from the group consisting of CH3, C2H5 and 
C3H8. 
[0029] In another embodiment, the amine-containing lipid 
comprises a phospholipid and R1 is polyethyleneglycol. 
[0030] In this aspect, the liposomes can further comprise an 
entrapped therapeutic agent. 
[0031] These and other objects and features of the invention 
Will be more fully appreciated When the folloWing detailed 
description of the invention is read in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1A shoWs an embodiment of the invention 
Where the dithiobenZyl (DTB) links a methoXy-polyethye 
lene glycol (mPEG) moiety and the amine-containing ligand; 
[0033] FIG. 1B shoWs the products after thiolytic cleavage 
of the compound in FIG. 1A; 
[0034] FIG. 2 illustrates a synthetic reaction scheme for 
synthesis of the mPEG-DTB-amine-lipid, Where the amine 
ligand is the lipid distearoylphosphatidylethanolamine 
(DSPE); 
[0035] FIG. 3 illustrates the thiolytic cleavage mechanism 
of a para-dithiobenZyl urethane (DTB)-linked mPEG-DSPE 
conjugate; 
[0036] FIGS. 4A-4B shoW a synthetic reaction scheme for 
preparation of an mPEG-DTB-DSPE compound in accord 
With the invention Where the DTB linkage is sterically hin 
dered by an alkyl group; 
[0037] FIG. 5 shoWs another synthetic reaction scheme for 
preparation of an mPEG-DTB-ligand compound in accord 
With the invention; 
[0038] FIG. 6A is a synthetic reaction scheme for synthesis 
of an mPEG-DTB-lipid Which upon thiolytic cleavage yields 
a cationic lipid; 
[0039] FIG. 6B shoWs the products after thiolytic cleavage 
of the compound in FIG. 6A; 
[0040] FIG. 7A shoWs the rate of cleavage of ortho-mPEG 
DTB-DSPE and para-mPEG-DTB-DSPE conjugates in solu 
tion to form micelles in buffer alone (ortho-conjugate (*); 



US 2008/0152702 A1 

para-conjugate (+)) and in the presence of 150 [1M cysteine 
(ortho-conjugate (open circles); para-conjugate (open 
squares); 
[0041] FIG. 7B shows the rate of cleavage of micellar 
mPEG-DTB-DSPE conjugates as described in FIG. 7A and 
of ortho-mPEG-DTB-DSPE (solid circles) and para-mPEG 
DTB-DSPE (solid squares) conjugates formulated in lipo 
somes and incubated in the presence of 150 [1M cysteine; 
[0042] FIGS. 8A-8B shoW percentage of content release of 
entrapped ?uorophore from liposomes comprised of DOPE: 
ortho-mPEG-DTB-DSPE (FIG. 8A) or of DOPE:para 
mPEG-DTB-DSPE (FIG. 8B) incubated in the presence of 
cysteine at the indicated concentrations; 
[0043] FIG. 9A shoWs normalized percent release of 
entrapped ?uorophore as a function of time for liposomes 
comprised of DOPE and para-mPEG-DTB-DSPE. The per 
cent release of entrapped ?uorophore is normalized With 
respect to percent release of ?uorophore from liposomes 
incubated in the absence of cysteine. The release rate from 
liposomes incubated in the presence of cysteine at concentra 
tions of 15 [1M (solid squares), 75 [1M (open triangles), 150 
[1M (X symbols), 300 [1M (open circles), 1500 [1M (solid 
circles), 3000 [1M (+ symbols), and 15000 [1M (open dia 
monds) is shoWn; 
[0044] FIG. 9B shoWs normalized percent release of 
entrapped ?uorophore as a function of time for liposomes 
comprised of DOPE and para-mPEG-MeDTB-DSPE. The 
percent release of entrapped ?uorophore is normalized With 
respect to percent release of ?uorophore from liposomes 
incubated in the absence of cysteine. The release rate for 
liposomes incubated in the presence of cysteine at concentra 
tions of 15 [1M (solid squares), 75 [1M (open triangles), 150 
[1M (X symbols), 300 [1M (open circles), 1500 [1M (solid 
circles), 3000 [1M (+ symbols), and 15000 [1M (open dia 
monds) is shoWn; 
[0045] FIG. 9C shoWs normalized percent release of 
entrapped ?uorophore as a function of time for liposomes 
comprised of DOPE and mPEG-meDTB-distearoyl-glycerol 
compound of FIG. 6A. The percent release of entrapped 
?uorophore is normalized With respect to percent release of 
?uorophore from liposomes incubated in the absence of cys 
teine. The release rate of dye upon cleavage of the compound 
from liposomes incubated in the presence of cysteine at con 
centrations of 15 [1M (solid squares), 75 [1M (open triangles), 
150 [1M Qi symbols), 300 [1M (open circles), 1500 [1M (solid 
circles), 3,000 [1M (+ symbols), and 15,000 [1M (open dia 
monds) is shoWn; 
[0046] FIG. 10 is a plot shoWing the amount ofliposomes, 
in counts per minute/mL of liposomes containing entrapped 
In1 1 1, in blood samples taken from mice at various times after 
injection of liposomes comprised of PHPCzcholesterol: 
mPEG-DTB-DSPE (55:40:5 molar ratio). One group of ani 
mals received a 200 pL injection of 200 mM cysteine at time 
zero (solid squares). The control group Was injection With 
saline at time zero (open circles); 
[0047] FIG. 11A shoWs a synthetic reaction scheme for 
synthesis of an mPEG-DTB-protein compound in accord 
With another embodiment of the invention; 
[0048] FIG. 11B shoWs the decomposition products after 
thiolytic cleavage of the compound in FIG. 11A; 
[0049] FIG. 12 is a rendering of a photograph of an sodium 
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS 
PAGE) pro?le of lysozyme reacted for 15 minutes (Lane 1) or 
for 1 hour (Lane 2) With mPEG-MeDTB-nitrophyenylchlo 
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roformate to form a mPEG-MeDTB-lysozyme conjugate, 
native lysozyme (Lane 3), lysozyme reacted for 1 hour With 
mPEG-nitrophenylchloroformate (Lane 4), molecularWeight 
markers (Lane 5), and the samples of Lanes 1-4 treated With 
2% [3-mercaptoethanol for 10 minutes at 700 C. (Lanes 6-9); 
[0050] FIG. 13 shoWs the decomposition products after 
thiolytic cleavage of the an mPEG-DTB-p-nitroanilide con 
jugate; 
[0051] FIG. 14A shoWs the absorbence as a function of 
Wavelength, in nm, of mPEG-MeDTB-para-nitroanilide 
(closed diamonds) and after in vitro incubation With 5 mM 
cysteine for 2 minutes (closed squares), 5 minutes (x sym 
bols), 10 minutes (open squares), 20 minutes (triangles), 40 
minutes (open diamonds) and 80 minutes (closed circles); 
and 
[0052] FIG. 14B shoWs the amount of para-nitroanilide, in 
mole/L, released in vitro as a function of time, in minutes, 
from mPEG-MeDTB-para-nitroanilide conjugate incubated 
in the presence of 5 mM cysteine (closed circles), 1 mM 
cysteine (closed squares) and 0.15 mM cysteine (closed dia 
monds). 

DETAILED DESCRIPTION OF THE INVENTION 

I. De?nitions 

[0053] “Polypeptide” as used herein refers to a polymer of 
amino acids and does not refer to a speci?c length of a poly 
mer of amino acids. Thus, for example, the terms peptide, 
oligopeptide, protein, and enzyme are included Within the 
de?nition of polypeptide. This term also includes post-ex 
pression modi?cations of the polypeptide, for example, gly 
cosylations, acetylations, phosphorylations, and the like. 
[0054] “Amine-containing” intends any compound having 
a moiety derived from ammonia by replacing one or tWo of 
the hydrogen atoms by alkyl or aryl groups to yield general 
structures RNH2 (primary amines) and RZNH (secondary 
amines), Where R is any hydrocarbyl group. 
[0055] “Hydrophilic polymer” as used herein refers to a 
polymer having moieties soluble in Water, Which lend to the 
polymer some degree of Water solubility at room temperature. 
Exemplary hydrophilic polymers include polyvinylpyrroli 
done, polyvinylmethylether, polymethyloxazoline, polyethy 
loxazoline, polyhydroxypropyloxazoline, polyhydroxypro 
pyl-methacrylamide, polymethacrylamide, polydimethyl 
acrylamide, polyhydroxypropylmethacrylate, 
polyhydroxyethylacrylate, hydroxymethylcellulose, 
hydroxyethylcellulose, polyethyleneglycol, polyasparta 
mide, copolymers of the above-recited polymers, and poly 
ethyleneoxide-polypropylene oxide copolymers. Properties 
and reactions With many of these polymers are described in 
Us. Pat. Nos. 5,395,619 and 5,631,018. 
[0056] “Polymer comprising a reactive functional group” 
or “polymer comprising a linkage for attachment” refers to a 
polymer that has been modi?ed, typically but not necessarily, 
at a terminal end moiety for reaction With another compound 
to form a covalent linkage. Reaction schemes to functionalize 
a polymer to have such a reactive functional group of moiety 
are readily determined by those of skill in the art and/ or have 
been described, for example in Us. Pat. No. 5,613,018 or by 
Zalipsky et al., in for example, Eur Polymer. J., 19(12): 1 177 
1183 (1983); Bioconj. Chem, 4(4):296-299 (1993). 
[0057] “Recombinant” as in “recombinant polypeptide” 
implies joining of amino acids through laboratory manipula 
tion into a desired sequence. 


























